It aimed at analyzing the trends of international collaboration from articles indexed in Scopus by researchers in Korea from 2006 to 2015. The number of articles coauthored by researchers in Korea and those in selected foreign countries was obtained from document searches of the Scopus database. The growth of research collaboration in various academic disciplines was also studied. There were 22 countries which produced over 2,000 papers in collaboration with researchers in Korea during the ten-year period between 2006 and 2015. The average of the average annual growth rate taken over these 22 countries was 12.9%. In 9 additional Asian, Latin American, and African countries, more rapid growth of international research collaboration was clearly seen. Though research collaboration is most active in the field of physics and astronomy with most countries, it was found that the growth of collaboration in medicine was most remarkable in Southeast Asian countries. It may be originated from the intimate relationship between Korea and Southeast Asia and the leadership of Korean physicians in that region.
Introduction
In recent years, there has been a rapid increase in international collaborations in research and development [1, 2] . It may be originated from a variety of reasons, such as the movement of globalization, the development in communication, information, and transportation technologies, and the general increase of human interactions across the world. One crucial factor may be the development of the internet which made it possible to have very efficient and fast academic communication among researchers. The internet made not only international but also domestic collaboration much easier, which resulted in the substantial increase of the average number of authors per paper [3] . In this article, we aimed to study this phenomenon using the yearly num-ber of research publications coauthored by researchers in Korea and those in 31 foreign countries, which were published from 2006 to 2015 and indexed in the Scopus database. We also searched for the factors causing the growth of international collaboration. The results will be able to show the trends of international collaboration by researchers in Korea.
Methods
We used the Scopus database to find the number of publications jointly written by researchers in Korea and those in foreign countries. The Scopus database was searched in January 9, 2017. When using the document search function of the Scopus database, we restricted the search to three types of documents, which were "articles", "reviews", and "conference papers", and to two affiliation countries, "Korea" and "each designated country". The numbers of documents published each year from "2006" to "2015" and the total number of documents during the ten-year period were retrieved. For example, the query string, (AFFIL COUNTRY(Korea) AND AFFILCOUNTRY(Japan)) AND DOCTYPE (ar OR re OR cp) AND PUBYEAR = 2006, gives the number of articles, reviews, and conference papers jointly written by researchers in Korea and those in Japan in 2006. The Scopus database provides the search data which break down the number of documents by subject areas. We also retrieved these numbers to find out the changes in each subject area separately. The search was performed for bi-national collaborations between Korea and another country. Multi-national collaborations by researchers from more than two countries were not investigated.
Using the number of documents published each year, we calculated the annual growth rate (AGR) for the year (N+1) defined by By taking the average of this quantity from 2007 to 2015, we also calculated the average annual growth rate (AAGR) for each country. In addition, we calculated the compounded annual growth rate (CAGR), which was defined in the present 
Results
Our main search results are summarized in Tables 1 and 2 . In Table 1 , we showed the yearly number of documents coauthored by researchers in Korea and those in the country designated in the first column from 2006 to 2015. We also showed the total number of documents during the ten-year period, the AAGR, and the CAGR. Twenty two countries by ��� �� � 1� � Number ��r �e�r �� � 1� � Number ��r �e�r � Number ��r �e�r � .
of this quantity from 2007 to 2015, we also calculated the average annual growth rate (AAGR) dition, we calculated the compounded annual growth rate (CAGR), which was defined in the which produced more than 2,000 documents in collaboration with Korea were United States, Japan, China, Germany, India, United Kingdom, Canada, France, Australia, Italy, Russian Federation, Taiwan, Switzerland, Spain, Netherlands, Singapore, Poland, Sweden, Viet Nam, Pakistan, Brazil, and Belgium in the decreasing order of the number of publications. Except for Japan, which showed a low AAGR of 1.96%, all countries showed a substantial growth in the number of publications during the ten-year span. The average of the AAGR taken over the 22 countries listed was 12.9%. The CAGR is consistently a little smaller than the AAGR. The discrepancy between the AAGR and the CAGR is larger when the yearly fluctuation in the AGR is larger.
In Table 2 , we showed the results obtained for 9 additional countries from Asia, North America, South America, and Africa, which include Saudi Arabia, Iran, Thailand, Hong Kong, Malaysia, Mexico, Colombia, Egypt, and South Africa. These countries produced the largest number of publications in collaboration with Korea in each continent, except for those already shown in Table 1 . Their growth rates were, on the average, substantially larger than those listed in Table 1 .
In Fig. 1 , we showed the number of papers coauthored by researchers in Korea and those in some selected countries in each year from 2006 to 2015 versus publication year. In Fig.  1A , 1B, and 1C, the top 11 countries which produced the largest number of papers are shown, while, in Fig. 1D , the countries which showed the top five AAGRs are shown. Except for Japan and Russian Federation, the trend of rapid growth was clearly seen.
In Fig. 2 , the AGR for the top 20 countries which produced the largest number of papers in collaboration with Korea is plotted versus year. We remind the reader that, for example, the AGR for 2007 is computed from the number of papers published in 2006 and that in 2007. The yearly fluctuation of the growth rate is observed to be rather large and sometimes the growth rate is negative. From the 20 curves shown in this figure, we notice that the growth rates for many countries dropped rather rapidly between 2012 and 2013 and also between 2007 and 2008. Similar behavior is observed for other We also examined the dependence of the growth of international collaboration on academic disciplines. In Table 3 , the total number of documents from 2006 to 2015 coauthored by researchers in Korea and those in the country designated in the first column in the top five academic fields which produced the largest number of documents in each country. In many countries, physics and astronomy, medicine, engineering, materials science, and biochemistry, genetics and molecular biology are the dominant fields with the largest number of documents. Physics and astronomy is the most dominant field with the largest number of documents in 24 countries out of the total 31 countries. In five countries which include Colombia, Mexico, Russian Federation, Poland, and Brazil, the portion of the documents in physics and astronomy was more than 60%. Medicine is the second largest field with the largest number in 4 countries and the second largest number in 17 countries.
In Fig. 3A , we plotted the number of papers coauthored by researchers in Korea and those in the United States in each year from 2006 to 2015 in the top five academic fields which produced the largest number of papers versus publication year. We found that there was considerable growth in all five fields, with the growth in medicine being particularly rapid. In Fig. 3B , we showed the number of papers coauthored by researchers in Korea and those in the five Southeast Asian countries designated in the figure in each year from 2006 to 2015 in the field of medicine versus publication year. The rapid growth in all five countries is remarkable.
Discussion
These results show that the rapid increase of international collaborations between Korean researchers and foreign researchers is a general trend, which applies to a very large number of countries in the world. That the United States is the top ranking collaborative country is not surprising because it has been the most favorite country for Korean students and young researchers to visit to study abroad and the number of visits has been outstanding. Out of the top five collaborative countries, India and China showed the 1st and 2nd largest growth rates. This is perhaps related to the large influx of graduate students and postdoctoral researchers from these countries into Korean universities and research institutes in the recent decade. The same reasoning may be applied to Pakistan, which showed the largest AAGR in Table 1 . The extremely rapid growth rate for Saudi Arabia listed in Table 2 is especially remarkable. This seems to be due to the government policy drive to enhance research collaborations between the two countries.
In Table 3 , we examined the dependence of the growth of international collaboration on academic disciplines. The case of Colombia, where physics and astronomy documents take up 77% of the total, is particularly interesting. We found that there were 10 countries other than Korea and Colombia, each of which was affiliated with more than 70% of the total 976 documents produced by collaborations between Korea and Colombia. This implies that a great majority of documents were produced through international collaborations among many countries. We suspect that a very large number of documents are in the area of experimental high energy physics, in which multinational collaborations are quite common. On the other hand, it is quite interesting to notice that the four countries with the largest number of documents in medicine are all Southeast Asian countries, namely, Singapore, Thailand, Hong Kong, and Malaysia. Saudi Arabia is unique in that the field with the largest number of documents is chemistry, in contrast to all other countries. This supports our suspicion that the collaboration between Korea and Saudi Arabia has been driven by external policies to enhance research collaborations mainly in the fields related to petrochemical industry.
In Fig. 2 , we mentioned that the growth rates for many countries dropped between 2012 and 2013 and between 2007 and 2008. We think this may be due to the global economic recession which occurred during the same period and a corresponding decrease in research funding in many countries.
In conclusion, the rapid growth of international research collaboration was clearly seen in almost all cases studied here. The overall increase might be attributed to the movement of globalization, the development in communication and transportation technologies, and the development of the internet. Though research collaboration was most active in the field of physics and astronomy in most countries, it was found that, in many countries in Southeast Asia, the growth of collaboration in medicine was most remarkable. It may be originated from the intimate relationship between Korea and Southeast Asia and the leadership of Korean physicians in that region.
